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Salmonella spp. is a human pathogen that has been reported in catfish, but with
conflicting results. Salmonella spp. was isolated from live catfish, catfish products and
the processing environment during catfish production, followed by evaluation of their
antibiotic resistance and clonal similarities. Distinction of Salmonella spp. was increased
by lowering background microflora with the addition of the antimicrobial novobiocin to
the agar media. More than ten Salmonella serotypes were isolated from catfish and
catfish products, such as live, chilled fillets, frozen fillets, and conveyor belts in catfish
processing facilities. The isolates that were recovered include Salmonella ser.
Typhimurium, Barranquilla, Mbadaka, Putten, Infantis and Thompson among others. The
number of isolated Salmonella spp. and serotypes varied between sampling in catfish
facilities. Clonal similarities of Salmonella spp. were found within sampling but did not
show persistency among sampling periods, suggesting the opportunistic nature of the
pathogen. Salmonella ser. Typhimurium was the most predominant isolate in live catfish
and similarities were found within sampling but were not persistent among sampling
periods. Antimicrobial resistant Salmonella was identified from the recuperated isolates.

All Salmonella spp. isolates, showed resistance to erythromycin, vancomycin and
rifampin regardless of the serotype, but resistant genes were absent suggesting that
resistance was due to the pathogen’s biological nature. These results suggest that it is
possible to recover Salmonella spp. in catfish products, but its opportunistic nature makes
it difficult to predict the source or incidence of this pathogen.
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CHAPTER I
INTRODUCTION

Food products associated with Salmonella contamination include milk, eggs,
poultry, pork and seafood products. On November 20, 2009, a recall was issued due to
possible contaminated cantaloupes by Salmonella (FDA, 2011a). Also on January 23,
2010, Italian sausage was recalled due to possible Salmonella spp. contamination (FSIS,
2012). In fact Salmonella infections caused 40,000 cases of illness in the U.S. in 2004.
Salmonella is considered a human pathogen (disease causing microorganism) that can be
transmitted by eating contaminated food products from contaminated work surfaces and
contaminated food handlers (Murray et al., 2005).
Salmonella spp. is usually not related to aquaculture products but in reality this
pathogen can colonize the intestine of animals including aquaculture food products.
There is a possibility that aquaculture food products can also be contaminated with this
pathogen due to its adaptability to the environment and contaminated feeds. Lin et al.
(1988) found that Salmonella ser. Typhi was the cause of ten cases of typhoid fever
implicated by a shrimp salad served in a fast food restaurant. Recalls and refusal of
imported seafood products can be found on the U.S. Food and Drug Administration
(FDA) website (www.fda.gov). Reports provided by the FDA list seafood products that
are refused due to possible Salmonella contamination (FDA, 2011b). Refused seafood
products due to possible Salmonella contamination included frozen baby bonita (Sarda
1

sarda) (Vietnam), frozen grouper (Serranidae) fillets (Indonesia) and frozen cut crab
(India) (FDA, 2011b). Products that contain seafood have the possibility to be
contaminated by Salmonella – two recalls by the FDA of crab creole and shrimp scampi
cheese spreads are examples (FDA, 2011b). Furthermore, from 1990 to 1998, field
laboratories of the FDA collected 11,312 imports and 768 domestic seafood samples and
tested for the presence of Salmonella. According to Heinitz et al. (2000) overall incidence
of Salmonella was 7.2% (import) and 1.3% (domestic). Ready-to-eat (import) foods such
as cooked shrimp, shellfish, smoked fish, dried fish and caviar resulted in an incidence of
2.6% of 2,734 samples whereas domestic ready-to-eat resulted in 0.47% incidence. The
authors also reported that the incidence of seafood contaminated with Salmonella was
highest from Central Pacific and Africa products (12%) and lowest from Europe and
North America products (1.6%). Data provided by governmental agencies and incidence
studies indicated that Salmonella may cause foodborne related illnesses characterized by
fever, nausea, vomiting, bloody diarrhea and abdominal cramps (Salmonella
typhimurium, Salmonella enteritidis) or more life threatening disease like typhoid fever
(Salmonella typhi) (Murray et al., 2005).
Salmonella is a widely studied pathogen and methods of isolation are important
because they provide the means to accurately identify this pathogen. There are methods
of Salmonella isolation approved by the U.S. FDA and by the U.S. Department of
Agriculture Food Safety Inspection Service (USDA-FSIS) that differ in initial nutrition
(lactose broth vs. peptone water) and selective media (agars) but both methods take as
long as six days to identify the pathogen. These approved methods provided by
governmental agencies are general and cover a wide variety of food products.
2

Conversely, there are other methods of Salmonella isolation that have proven to be faster
and more accurate in identifying the pathogen through increasing selectivity, sensitivity
and implementing molecular biology methods early in the protocol (Myint et al., 2006;
Kumar et al., 2003).
Channel catfish (Ictalurus punctatus) and its hybrid (Ictalurus punctatus x
Ictalurus furcatus) are produced commercially in the southeastern U.S. (Wellborn, 1998).
These species and others are also produced in many countries: Ictalurus punctatus in
China, basa (Pangasius bocourti) in China, Vietnam, and Thailand (Roberts and
Vidthayanon, 1991), Clarias gariepinus in Nigeria (Musefiu et al., 2011) and swai
(Pangasianodon hypophthalmus) in Vietnam. Reports of incidence of Salmonella from
these species vary from these countries. Salmonella incidence in domestic catfish has
been reported to be 2.3% (McCaskey et al., 1998) and 21% (Wyatt et al., 1979; Pal and
Marshall, 2009). Incidence of Salmonella in catfish farms grown outside the U.S. has
been reported as 25% in India (Kumar et al., 2003; Iyer and Shruvastava, 1989), 80% in
Malaysia (Budiati et al., 2011) and 42% in imported basa fillets (Pal and Marshall,
2009). There is discrepancy in the validity of these with respect to sample number,
isolation and identification methods, source and incidence in live vs. processed fish,
which led to the development of this study. There is a lack of data on antibiotic resistance
of Salmonella spp. from catfish and this study will provide data on antibiotic resistant
Salmonella and safety of catfish products.
The objectives of this study were to (1) identify sources and clonal similarities of
Salmonella spp. in live, and processed catfish and its environment, and (2) identify

3

antibiotic resistance and resistant genes of Salmonella spp. from isolates obtained from
live catfish and catfish products.
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CHAPTER II
LITERATURE REVIEW

Salmonella is a pathogen that can cause illness to humans. Salmonella belongs to
the Enterobacteriaceae family, which is a group of microorganisms that share similar
characteristics. The majority of the bacteria that are included in the Enterobacteriaceae
family are natural flora in the gut system of many animals including humans; they also
produce Type I fimbriae (for adhesion to other cells) and can produce endotoxin
(lipopolysaccharide on cell envelope), which is released when the cell wall is destroyed
(phagocytes). Salmonella is classified as a gram-negative microorganism due to a thin
layer of peptidoglycan wall (Figure 2.1). They are facultative anaerobic, oxidative
negative, ferment glucose (with or without production of gas) and only a few can ferment
lactose very slowly Salmonella spp. is divided into two species that include Salmonella
enterica and Salmonella bongori. Salmonella enterica consists of six known sub-species:
enterica (I), salamae (II), arizonae (IIIa), diarizonae (IIIb), houtenae (IV), and indica
(VI). There are a total of 2,557 known Salmonella enterica (I) species and 1,531 belong
to the sub-species enterica (Grimont et al., 2007). Serovars included in Salmonella
enterica (I) are Salmonella ser. Choleraesuis, Salmonella ser. Dublin, Salmonella ser.
Enteritidis, Salmonella ser. Gallinarum, Salmonella ser. Hadar, Salmonella ser.
Heidelberg, Salmonella ser. Infantis, Salmonella ser. Paratyphi, Salmonella ser. Typhi,
5

and Salmonella ser. Typhimurium. Of the mentioned Salmonella serovars, Salmonella
ser. Typhimurium is commonly isolated from humans and animals (Bishop et al., 2003).

Figure 2.1

A scanning electron microscope image of Salmonella spp.

(Mississippi State University Electron Microscope Center, 2011)
Incidence of Salmonella spp. in aquaculture and related products
Salmonella has been reported as a foodborne pathogen in aquaculture
environments (Kamat et al., 2002; Heinitz et al., 2000). Heinitz et al. (2000) found a
7.2% incidence of Salmonella of imported products mainly in the central Pacific and
Africa versus a 1.3% for domestic seafood. Also, 210 Salmonella enterica ser.
Weltevreden were isolated from seafood samples (fish and shrimp) imported into the U.S.
from Vietnam, Indonesia and Thailand (Ponce et al., 2008.) According to Ponce et al.
(2008) the Salmonella isolates showed 100% similarity in pulse field gel electrophoresis
(PFGE) profiles from the country of origin. Studies conducted in Japan also reported that
6

Salmonella enterica ser. Weltevreden isolated from black tiger prawns with a <30 to 40
most probable number (MPN) per 100 g (Asai et al., 2008). The authors concluded there
is a possibility that prawns can contribute foodborne infection to humans. Furthermore,
studies done on oysters in the U.S. showed in a 7.2% contamination of Salmonella of
samples collected during the winter of 2002-2003 (Brands et al., 2008)
Infectious diseases caused by Salmonella spp.
Salmonella is considered a pathogen that can colonize and infect the host. An
outbreak of typhoid fever (Salmonella ser. Typhi) in a restaurant in Maryland was
identified by measurements of serum vi antibodies in a study conducted by Lin et al.
(1988). The authors concluded that one employee was the carrier and contaminated the
food (shrimp salad) in the restaurant. In fact, a multi-drug outbreak attributed to
Salmonella ser. Braenderup was diagnosed in Kansas and linked to 19 other states by
PFGE patterns as reported by Stuever and Banez-Ocfemia (2005). The Centers for
Disease Control and Prevention (CDC, 2007) reported a total of 142 confirmed outbreaks
and 3,515 illnesses caused by Salmonella spp. in the U.S. In 2011, the CDC reported an
increase of Salmonella infections to 8,256 illnesses, 2,900 hospitalizations and 29 deaths
(CDC, 2011). CDC also reported that the most common Salmonella ser. isolates were
Enteritidis, Newport and Typhimurium that accounted for the 7,564 (92%) Salmonella
isolates serotyped. It is common knowledge that Salmonella causes infection known as
Salmonellosis which manifest in most cases as abdominal cramps, fever and diarrhea and
can last as long as 7 days. The most susceptible population in which this disease can be
fatal are to infants and elderly (CDC, 2007). Contaminated sources (food products) with
Salmonella spp. can enter into the human gut system and grow in large numbers causing
7

them to migrate from the gut to the blood stream (Figure 2.2). This illness is known as
septicemia in which bacteria are found in the blood stream and can cause septic shock in
untreated people.

Figure 2.2

Phagocytosis of gram-negative bacteria

(CC-BY-SA-3.0)
Salmonella causes infection to humans due to the lipopolysaccharide (structural
component of cellular envelope) in the cells, a component shared by other gram-negative
bacteria. When Salmonella cells are ingested in large numbers, they travel to the gut
system where they are encapsulated by phagocytes and upon the destruction of the cell
wall and components, the lipopolysaccharides are released and absorbed by the gut
(Figure 2.2). This mechanism action triggers pro-inflammatory cytokines such as tumor
8

necrosis factor (TNF) and interleukins (IL-1, IL-6, and IL-8 among others) that,
depending on the quantity, can cause local inflammations, systemic effects or a more life
threatening effect such as septic shock. Septic shock happens when Salmonella spp.
survive the phagocytes and are absorbed by the gut, thus entering, multiplying and
disseminating in the blood vessels. The described mechanism of infection can be applied
to many Salmonella enterica serotypes.

Figure 2.3

Transmission electron microscope image of negative stained Salmonella
spp.

(Mississippi State University Electron Microscope Center, 2010)
Source of Salmonella spp. and other microorganisms in food products
Sources of Salmonella spp. vary and depend on intrinsic factors (water activity,
nutrient content, pH, oxidation reduction potential, biological structures and inhibitory
substances) and extrinsic factors (temperature, relative humidity, gaseous environment
9

and presence of other microorganisms) (Jay et al., 2005). Presence of wild animals and
reptiles, temperature and atmospheric conditions could be factors that influence the
prevalence of Salmonella spp. and controlling these factors could be difficult in regards
to the food industry. Seafood products in tropical climates have a higher prevalence of
Salmonella than temperate regions (Millard and Rockliff, 2004; Heinitz et al., 2000).
Reports and studies show that Salmonella (Figure 2.3) can contaminate various sources
such as poultry, cattle, lettuce, diced tomatoes and aquaculture products (FDA, 2011b;
King et al., 2008; Weisssinger et al., 2000; Jones et al., 1985). These findings indicate the
possibility of Salmonella to move through the food chain and be a threat to human health.
Source of Salmonella spp. and other microorganisms in catfish
Catfish farms are located in an open environment and factors such as wild
animals, temperature, available nutrition and atmospheric conditions (Wyatt et al., 1979)
may result in the growth of certain types of Salmonella spp. (Salmonella ser.
Typhimurium, Salmonella ser. Arizonae, Salmonella ser. Barranquilla, and Salmonella
ser. Montevideo) that can end up at the end of the food process. A potential source of
Salmonella contamination in catfish farms may be attributed to poor water quality, farm
runoff, fecal contamination, wild animals (reptiles and birds) and poor sanitary conditions
(Pal and Marshall, 2009). Aquaculture products can become contaminated at the
production level with Salmonella spp. through the use of contaminated water, ice
containers and poor sanitary practices (FAO, 2010). Research has shown that many of
these serotypes are natural flora in the gut system of many reptiles and wild animals
(Huss and Gram, 2004; Cone et al., 1990). Snakes are not affected by the pathogenic
properties of Salmonella but they can be asymptomatic (carriers) in swine, turkeys, and
10

chickens but can cause infection in humans if contaminated (Filioussis et al., 2008;
Morris and Wells, 1970). In an investigation by Cone et al. (1990), two patients were
infected with Salmonella ser. Arizonae by the ingestion of rattlesnake capsules (common
practice among Mexican-Americans in California). One of the most common known
serotypes of Salmonella is Typhimurium, which has been linked to non-human sources.
Salmonella ser. Typhimurium was isolated (clinical and nonclinical cases) from bovine
(n= 264), chicken (n= 18), equine (n= 223), porcine (n= 269), turkey (n= 3) and wild
animals and birds (n= 50) (CDC, 2006).
Other pathogenic microorganisms might be present in catfish ponds and in the
processing plant. Studies on catfish processing equipment have shown that pathogens
such as Aeromonas and Pseudomonas were present (Cotton and Marshall, 1998). The
authors studied two catfish processing plants where they found 57% and 28% of
Aeromonas and Pseudomonas, respectively, in plant 1, and 48% and 17% of
Pseudomonas and Aeromonas in plant 2, respectively. They concluded that the difference
in the distribution was due to the use of sanitizing practices in the plants.
Methods of isolation of Salmonella spp. in catfish
Governmental agencies (FDA and USDA-FSIS) provide methods of isolation of
Salmonella spp. from food samples but differ in incubation periods, selective broth and
agar and final identification (biochemical reactions, agglutination test, etc.). Some
methods are rapid while others can take up to six days to identify the pathogen. FDA and
the USDA-FSIS methods differ in incubation media. The FDA uses lactose broth and the
USDA-FSIS uses 0.1% buffered peptone water. The agencies use similar secondary
enrichment but differ in plating media, bismuth sulfite for the FDA (Andrews et al.,
11

2011) and brilliant green agar for the FSIS method (USDA, 2012). The methods provided
by the FDA and USDA are in use for the majority of food products but are not specific to
certain food products. The aquaculture matrix differs from other animals and some
factors need to be taken into account (size, environment, sample acquisition, etc.) Sample
acquisition may be a critical factor for the isolation of Salmonella spp. Perkins (1995)
reported an isolation method of microorganisms (total aerobic plate counts and coliforms)
from the skin of live catfish through a rinsing technique. In this research, a modified
method was established and used to complement the isolation method provided by the
FDA and USDA in whole live catfish, catfish products and its environments.
Different types of plating media have been developed for rapid differentiation of
Salmonella. Chander et al. (2005) evaluated CHROMagarTM Salmonella and compared it
to brilliant green agar (BGA), XLD and Salmonella-Shigella (SS) agar on 54 manure
samples. Results showed that without previous enrichment (tetrathionate broth),
CHROMagarTM Salmonella did not work as well as other traditionally used agars (BGA,
XLS and SS). However, when previous enrichment was used, CHROMagarTM
Salmonella showed higher sensitivity for the identification of Salmonella spp. The
authors noted that it was difficult to distinguish the Salmonella colonies produced by the
agar media due to similar colored colonies.
Addition of the antimicrobial novobiocin to the plating media
It has been suggested that the addition of the antimicrobial novobiocin greatly
improves the isolation of Salmonella on selective media such as XLD (Moats, 1978).
Moats (1978) showed that the addition of 10 mg/mL of novobiocin to the plating media
reduced the presence of Proteus spp. that interferes with Salmonella identification due to
12

the production of hydrogen sulfide. Other false positive bacteria on XLD like Citrobacter
that also produces hydrogen sulfide were differentiated successfully on XLD and triptic
soy-xylose-lysine (TSXL). This change in the media protocol can be useful in highly
contaminated samples in which differentiation of Salmonella spp. can be difficult.
Identification of Salmonella spp. isolates by molecular biology methods
Rapid detection of Salmonella spp. is crucial in the food industry. Illness caused
by foodborne Salmonella spp. must be identified quickly so that proper tracing of the
source can be done. Baumler et al. (1997) developed a rapid method to identify
Salmonella enterica and differentiate it from other Salmonella subspecies such as
Salmonella bongori by amplifing iroB genes by polymerase chain reaction (PCR). These
findings are useful due to the fact that it identifies Salmonella enterica (Baumler et al.,
1997).
There are different methods to successfully identify Salmonella spp. by molecular
biology methods. Josefden et al. (2007) optimized the detection of Salmonella spp. in
meat products in 12 h. The use of buffered peptone water as a pre-enrichment for 8 h
yielded the highest numbers for Salmonella. In addition, the increase from 1 to 5 mL of
buffered peptone water, 10 μL to 25 μL of polymerase and increasing the DNA template
increased detection of Salmonella spp. by PCR. The authors determined there were no
differences between different pre-enrichment broths. Furthermore, the authors discussed
the increased cost of this procedure due to the use of additional amounts of reagents.
These data provided different methodology that was effective to rapidly detecting
Salmonella spp. but it’s not optimized for general use.
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Once Salmonella is isolated and confirmed, PFGE can be applied to further
subtype and differentiate band patterns. PFGE is a tool that is used to identify similar
patterns of DNA fragments among species. It is useful to identify DNA patterns of
microorganisms using PFGE from different locations and seasonal periods. Ribot et al.
(2006) standardized PFGE for subtyping Escherichia coli O157, Salmonella spp. and
Shigella. The authors explained the conditions and specific enzymes used for the
identification and subtyping of these pathogens. These data can be applied to subtype
Salmonella spp. from catfish farms and processing plants.
Martinez et al. (2005) used PFGE to identify Salmonella ser. Senftenberg
persistence in mussel processing facilities. The technique proved useful, and during the
investigation, the authors found that one type of Salmonella was persistent for 5 years in
one plant. PFGE can be useful to identify and determine the persistence of Salmonella in
the aquaculture industry.
Antibiotic resistance of Salmonella spp. in the food industry
Antibiotic resistance of Salmonella spp. to a broad-spectrum of antibiotics is a
growing problem (Streit et al., 2006). Many cases of drug resistant Salmonella have been
reported. Eswarappa et al. (2008) reported that the yejABEF operon gives Salmonella the
resistance against antimicrobials. This was strongly indicated by removing the yejF gene
and infecting macrophages with this mutant Salmonella. The removal of this gene
decreased Salmonella virulence factors. This finding strongly suggests that this operon is
important in the ability of Salmonella to infect macrophages.
Levings et al. (2006) studied the persistence of Salmonella of infected individuals
and traced it to their home aquariums. Samples were taken from the gastrointestinal tract
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of infected patients and compared them from samples taken from their home aquariums.
PFGE enabled scientists to compare different sources and link them to specific
organisms. Their findings indicated that Salmonella enterica ser. Paratyphi B was
resistant to ampicillin, chloramphenicol, streptinomycin, sulfonamides and tetracycline.
The authors discovered that aquariums may be a reservoir of multidrug-resistant
Salmonella posing a possible threat to public health. Filioussis et al. (2008) isolated
antimicrobial resistance of Salmonella ser. Mbandaka from a swine finishing farm in
Greece. The authors reported that five Salmonella isolates from swine were resistant to
tetracycline; four were resistant to trimetroprim/sulfamethoxazol and three to ampicillin.
This indicates a potential risk for transmission of this antibiotic resistant pathogen from
the finished product to humans.
Salmonella, Shigella and Aeromonas were more resistant to tetracycline (19.9%,
80.6% and 16.0%, respectively) in Europe than in Latin America (18.8%, 56.2% and
9.1%) in isolates recovered from bloodstream infections (Streit et al., 2006). The
pathogens mentioned in this study showed resistance to nalidixic acid regardless of the
region (Europe or Latin America) of isolation. These findings indicate a possible gtrA
mutation and possible failure in therapeutic treatment. These findings support the theory
of increased antibiotic resistant pathogens as described earlier in a study conducted in
Latin America of Salmonella spp. isolated from bloodstream infections (Gales et al.,
2002). In their report, they also showed that Salmonella ser. Typhi (17.4%) and
Salmonella ser. Typhimurium (4.9%) were the leading causes of Salmonella infections in
Latin America.
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Antibiotics are recognized as having benefits to human wellbeing, but are
considered to be contaminants because they challenge microorganisms to develop
resistance to them (Martinez, 2009). There is also a concern over the misuse of antibiotics
in aquaculture farming. Positive correlation of antibiotic resistant bacteria was found on
integrated farm systems (VAC: vegetable, aquaculture and cage animals) in which the
bacteria contained the sul gene (Hoa et al., 2011). Antibiotics help control the unwanted
population of bacteria at a production level, but may affect the quality and safety of the
final product. There is the possibility that the use of antibiotics to control these unwanted
bacteria may also deposit in water and sediment and their continuous presence may
develop antibiotic resistant bacteria (Le et al., 2005). Their study conducted on shrimp
farms in Vietnam resulted in a high incidence of antibiotic (0.1 µg/mL) (norfloxacin,
oxilinic acid, trimethoprim and sulfamethoxazole) resistant bacteria.
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CHAPTER III
INCIDENCE AND CLONAL SIMILARITIES OF SALMONELLA IN CATFISH
PROCESSING FACILITIES

Abstract
Proper methodology is critical for the effective detection and isolation of
Salmonella spp. in aquaculture products. This investigation was done to identify sources
and increase specificity for the isolation of Salmonella spp. from catfish by lowering
background interfering bacteria using a modified conventional plating method. This
modification resulted in lowering background microflora that can interfere in the
isolation and identification of Salmonella spp. by reducing the number of false-positive
bacteria (86%). Identification of Salmonella at a species level was done by polymerase
chain reaction (PCR) and pulse field gel electrophoresis (PFGE) for clonal similarities.
Data collection over two years resulted in the identification of more than ten different
serotypes of Salmonella spp. from product and environments in catfish processing
facilities. Salmonella ser. Senfenberg, Montevideo, Putten, Indican, Infantis and
Typhimurium were isolated from catfish products while Salmonella ser. Putten,
Mbandaka, Infantis and Senfenberg were isolated from the environment. PFGE analysis
suggested that Salmonella spp. was not persistent in catfish products and its
environments.
Keywords: Salmonella, catfish, novobiocin, clonal similarities
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Introduction
Salmonella spp. is thought to be present in poultry, eggs, fruits and vegetables,
but this assumption might not be accurate. Reports have shown that Salmonella spp. may
contaminate other food products (Brands et al., 2008; Fakhr et al., 2006). Outbreaks of
Salmonella via meat pies in Switzerland were attributed to Salmonella ser. Braenderup in
which the investigators could not determine the source of the outbreak, but found that
workers handling the product previous to the outbreak showed symptoms of
gastrointestinal problems. It was thought that poor food handling practices were the cause
of the contaminated meat pies (Urfer et al., 2000). It has been shown that post-harvest
interventions, such as washing lettuce and diced tomatoes with chlorinated water (200 μg/
ml) were not effective at lowering the presence of Salmonella ser. Baidon (Weissinger et
al., 2000). The authors attributed this phenomenon to the ability of Salmonella ser.
Baidon to resist the low pH of the diced tomatoes and shredded lettuce. Salmonella spp.
has also been isolated from fish, clams and shrimp (Asai et al., 2008; Ponce et al., 2008;
Kumar et al., 2003) and seawater and soil with recovery up to 20 years (Dhiaf et al.,
2010). Salmonella seems to be opportunistic (Koonse et al., 2005; Gonzales- Rodríguez
et al., 2002) due to its wide range of temperature growth and the sources it has been
isolated from. Salmonella is naturally found in the gastrointestinal tract of mammals,
birds (Berg and Anderson, 1972) and reptiles (snakes, turtles and lizards) (Pelzer, 1989)
and even aquariums can be reservoirs for multidrug-resistant Salmonella Paratyphi B
(Levings et al., 2006). Levings et al. (2006) linked Salmonella Paratyphi B by PFGE that
was isolated from patients with symptoms of gastroenteritis to the patient’s home
aquariums.
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Fresh and frozen aquaculture products such as catfish, shrimp, and salmon can
harbor pathogens from the Enterobacteriaceae family such as Salmonella spp. (Norhana
et al., 2010; Pal and Marshall, 2009; Gonzales- Rodríguez et al., 2002). In a study
conducted in India, isolated pathogens on farm raised fresh water fish (carp) (Gibelion
catla, Labeo rohita, Cirrhinus cirrhosis) included Aeromonas spp., Enterobacter spp.,
Shigella spp. and Salmonella spp. (Surendraraj et al., 2009). The authors attributed these
findings to natural fertilization and feeding practices that enhance enteric flora. Others
have reported the presence of pathogenic bacteria (Listeria monocytogenes, Listeria
inocua and Aeromonas spp.) in prepackaged fresh rainbow trout and salmon stored at
3°C, suggesting that these pathogens can survive processing practices and contaminate
the final finished product (Gonzales-Rodríguez et al., 2002). The authors reported that
among the pathogens isolated, Salmonella spp. and Edwarsiella tarda were not found in
rainbow trout and salmon samples stored at 3°C for 10 days.
An important factor in the isolation of Salmonella spp. is the methodology used to
obtain rapid and accurate results. Isolation and identification of Salmonella spp. from
food products can take 4-6 days when methods such as those from the United States
Department of Agriculture Food Safety Inspection Service (USDA-FSIS) Microbiology
Laboratory Guidelines (MLG) and the United States Food and Drug Administration
(FDA) Bacteriological Analytical Manual (BAM) (Andrews et al., 2011) are used. In
addition, conventional media used to isolate Salmonella spp. such as xylose lysine
desoxycholate (XLD) and brilliant green agar (BG) can yield overgrowth of false
positives for Salmonella spp. This makes it difficult to properly isolate Salmonella due to
similar growth characteristics that the selective media provides. Recovery of Salmonella
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spp. may vary and can depend on the protocol that is used. Reports have shown that using
a pellet method (Budiati et al., 2011) resulted in higher prevalence of Salmonella spp.
when compared to the conventional methods. Adding the antimicrobial novobiocin to the
agar media to reduce natural occurring microflora has been previously suggested (Moats,
1978).
Following isolation protocols provided by conventional methods, techniques to
identify the presence of Salmonella spp. are necessary. These techniques include but are
not limited to biochemical reactions, agglutination techniques and PCR. It has been
suggested to use PCR for detection and identification of Salmonella spp. with proper use
of pre-enrichment (minimum 12 h) and selective media to increase the sensitivity of
detection (Dhiaf et al., 2010; Ponce et al., 2008; Myint et al., 2006; Kumar et al., 2003).
Using PCR alone with pre-enrichment yielded a detection rate of 85%, which is
significantly lower than 100% when compared to conventional methods (Myint et al.,
2006). Myint et al. (2006) reported the failure of PCR to detect Salmonella spp. when no
pre-enrichment was used. There are other types of assays that suggest identification of
Salmonella subspecies I, for example: Salmonella ser. Typhimurium, Enteritidis and
Thyphi by multiplex PCR (Lee et al., 2009; Park et al., 2009), which helps reduces the
time needed to identify these pathogens (Josefsen et al., 2007). Another molecular
biology technique used to discriminate between Salmonella spp. is pulse field gel
electrophoresis (PFGE). PFGE has been used to discriminate between Salmonella spp.
(Ribot et al., 2006), identify sources (Lomonoco et al., 2008) and monitor the global
occurrence of the pathogen (Streit et al., 2006).
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The objectives of this study were to (1) identify possible sources of Salmonella
spp. using a modified microbiological isolation method from live and processed
aquaculture products and catfish processing environment, and (2) use PCR and PFGE to
identify persistency and similarities between the Salmonella spp. isolates.
Materials and Methods
Isolation and Identification of Salmonella spp. in Aquaculture Catfish
Sample Collection
Whole Channel catfish (Ictalurus punctatus and Ictalurus punctatus x Ictalurus
furcatus) skin, fillets and environmental samples were obtained from three catfish
processing facilities for two years in 2009 and 2010. Each facility, located in the
southeastern U.S. was visited once during June and July in 2009 and 2010. At each
sampling time, 12 food sized whole live catfish (at receiving, after unloading and
stunning) were collected for surface swabs (skin) and intestine analysis, 20 catfish fillets
were sampled before and after injection and before freezing and 20 catfish fillets samples
after freezing (Figure 3.1). An area (3 x 5 in) from the lateral line to the caudal fin was
swabbed from the skin of the catfish. After the collection of the skin, the heart, the
stomach, the black lining of the belly flaps, the kidney and the intestinal tract was
removed. A portion of the intestinal tract was retained for microbial analysis. Catfish
fillets (skinless and boneless) were collected aseptically from the conveyor belt while
being processed on the automatic line. Environmental samples for the three facilities
were collected on 20 different points during the processing of catfish. Points sampled
along the automatic line were: (1) deheader, (2) skinner roll, (3) trimming boards, (4)
belts after chilling, (5) grading table for fresh fish, (6) ice containers, (7) fish holding tray
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(automatic line), (8) fish holding tray in freezer, (9) freezer wall, (10) holding table
before injection, (11) belt after injection, (12) weighting table for fresh fish (manual line),
(13) trimming table for large fish, (14) belt after chilling for whole dressed fish, (15)
container with whole dressed fish, (16) whole fish skinner, (17) holding table before
skinner, (18) waste belt (at deheader/evisceration point of the automatic line), (19) floor
(close to waste belt) and (20) drain (close to waste belt). Samples from each site were
obtained using a sterile swab and placed in a tube containing 1 ml of 0.1% peptone water
(PW).
After collection, samples were transported in ice in a 2-4 ºC cooler and were
processed immediately upon arrival (1-3 h) at the Food Microbiology Laboratory in the
Department of Food Science, Nutrition and Health Promotion at Mississippi State
University.
Isolation of Salmonella spp.
Isolation of Salmonella was initiated by placing environmental samples (swabs) in
the incubator for 20-24 h at 35 ± 2 ºC. Fillets taken before and after chilling and whole
catfish where washed and massaged (30-60 sec) with 1:1 ratio of peptone water (0.1%)
and incubated for 20-24 h at 35 ± 2 ºC. Frozen fillets (IQF) were thawed and processed as
described before. After the skin of whole catfish was massaged, 25 g of intestines were
obtained and stomached for one minute and incubated for 20-24 h at 35 ± 2 ºC. After
incubation, 500 µl of pre-enriched PW were transferred to 10 ml tetrathionate broth (TT)
(DifcoTM Fisher Scientific) and 100 µl of pre-enriched PW were transferred to
Rappaport-Vassiliadis broth (RV) (DifcoTM Fisher Scientific). The samples were then
incubated for 18-24 h at 42 ± 0.5 ºC following a modified protocol (King et al., 2008).
22

The incubated broths were inoculated onto Xylose Lysine Desoxycholate (XLD) (Oxoid,
Fisher Scientific) and Brilliant Green agar (BG) (DifcoTM Fisher Scientific) for 24 h at 35
± 2 ºC. The plates were stored in the incubator for an additional 24 h if no growth was
present.
From preliminary observation, it was noted that adding the antibiotic novobiocin
to the agar media reduced the presence of overgrowth of other bacteria. To distinguish
and reduce the presence of interfering bacteria, all presumptive Salmonella colonies were
re-cultured in XLD and (BG) agar containing 0.1% of the antimicrobial novobiocin (MP,
Biomedicals LLC). Presumptive colonies were identified and inoculated into a nonselective medium (tripticase soy agar, DifcoTM Fisher Scientific).
Identification of presumptive Salmonella isolates
One milliliter of previously incubated samples in non-selective broth was
transferred to centrifuge tubes (1.5 ml) and centrifuged for 2 min at 7,000 rpm. The
supernatant was removed from the tube and discarded and the pellet was rehydrated with
50 µl of distilled water, resuspended and boiled for 5 min. After boiling, tubes were
centrifuged for 2 min and the supernatant was collected. Two microliters of supernatant,
1 µl of forward primer (Itsf –5’TATAGCCCCATCGTGTAGTCA’3) (Sigma®), and 1 µl
reverse primer (Itsr – 5’TGCGGCTGGATCACCTCCTT’3) (Sigma®), 7.5 µl of RNA
free water (Promega, Madison, WI) and 12.5 µl of GoTaq® Green Master Mix (Promega,
Madison, WI) were added to a PCR tube. PCR (Master Cycler) was performed as
follows: initial thermal cycling was 94 ºC for 3 min, followed by 30 cycles of
amplification, consisting of denaturation at 94 ºC for 30 s, annealing at 61 ºC for 35 s and
extension (72 ºC) for 35 s (Park et al., 2007). Samples were sent to the National
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Veterinary Services Laboratories in Ames, Iowa for serotyping, using slide and tube
agglutination techniques (Onyuka et al., 2011).
Gel electrophoresis
After obtaining the amplified PCR product, 7-10 µl were subjected to
electrophoresis. A 2% agarose gel containing 5 µl of ethidium bromide (Invitrogen™) was
prepared using 0.5M Tris-acetate- EDTA (TAE) (Fisher Bio Reagents®). Gel
electrophoresis (TaKaRA, Mupid®-exu) was performed for 15-20 min at 135 V. Gel was
photographed under UV (Major Science UVDI) to identify bands. Bands (~290 bp) were
compared to a Salmonella control (ATCC 14028).
Identification of false positive isolates by API 20E
False positive colonies were selected based on the negative PCR results and were
inoculated into the API 20E kit strips (BioMérieux). Each well was inoculated with the
bacterial suspension and incubated at 37 ºC for 24 h. All test/reactions were read
according to the interpretation reaction provided by the manufacturer and identification
was obtained by referring to the Analytical Profile Index (BioMérieux). Additionally, a
Salmonella ser. Typhimurium (ATCC 14028) control was also tested on the test kits to
validate the results.
Identification of clonal similarities of Salmonella spp. isolates
PFGE (BioRad Chef Mapper ™ XA) was done using a modified sample
preparation protocol (Ribot et al., 2006). Six hundred microliters of previously incubated
bacterial sample were added to a 1.5 ml centrifuge tube and centrifuged for 3 min. The
supernatant was removed and 240 µl of 1X TE (Tris EDTA) (Fisher Bio Reagents®)
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buffer and 60 µl of 10 mg/l ml of lysozyme (Sigma®) was added and incubated for 15
min at 37°C.
Sample plug preparation
A 1.2 % low melt agarose (BioRad) was prepared with the addition of 3.6 ml of
distilled water. Agarose gel was placed in a water bath at 63°C and 450 µl of proteinase
K (Sigma®) and 450 µl of 10% SDS (sodium dodecyl sulfate) (Fisher Bio Reagents®)
prepared in Tris EDTA (TE; 10mM Tris, 1mM EDTA [pH 8.0]) were added to the tube.
Samples (300 µl) and gel mixture (300 µl) were added to a set of syringes and placed in
the refrigerator for 20 min for solidification.
Samples were placed in a shaker incubator (New Brunswick Scientific Co. Inc.
Model G76D) at 54 °C for 2.5 h (150-175 rpm). After the lysis was completed, the lysis
buffer was decanted and 15 ml of ddH2O was added for a total of 2 changes every 10
min. After the last ddH2O change, 15-20 ml of TE (TE; 10mM Tris, 1mM EDTA [pH
8.0]) buffer was added for a total of 4 changes every 15 min (Ribot et al., 2006).
Restriction digestion of Salmonella spp. with XbaI
Three plugs sections (1 mm thick) were placed in a tube containing 200 µl of a
1X dilution of NE buffer (New England Bio Labs Inc.). The plugs were incubated at 37
°C for 10-15 min. After incubation, 5 µl of XbaI (New England Bio Labs Inc.) (Ribot et
al., 2006) restriction enzyme was added to each tube and incubated for 2.5 h at 37 °C.
Electrophoresis conditions for Salmonella used were as follows: initial switch time of
2.16 s and a final switch time of 63.8 s at a gradient of 6V/cm, with an angle of 120° and
electrophoresis run time of 18-19 h (Ribot et al., 2006). Gels were stained with 400 ml of
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ethidium bromide (Invitrogen™) solution (40 µg/ml) for 20 min with gentle shaking. The
gels were subsequently de-stained with 400 ml of deionized water for 15-20 min for a
total of 3 changes.
Results and Discussion
Originally, 315 presumptive Salmonella spp. were recovered from catfish
products and their environments. After two PCR runs of 24 presumptive isolates it was
observed that all these were not Salmonella. This led to adding an antibiotic to decrease
false positive Salmonella from the agar media. Re-culturing of presumptive Salmonella
spp. in XLD and BG with the addition of novobiocin resulted in a reduction of 86%
(44/315) of presumptive Salmonella spp. which were false positive bacteria at the agar
media level. The remaining 14% of presumptive Salmonella spp. colonies were
confirmed by PCR. Implementing the antimicrobial novobiocin to the agar media as an
additional step in the isolation protocol of Salmonella spp. may lower false positive
bacteria, thus increasing its specificity (Moats, 1978).
A decrease of false positive bacteria allows for a higher probability (higher
specificity) of isolating for Salmonella spp. In addition, identification of Salmonella at a
species level can be obtained in a shorter time period than using conventional methods.
Conventional methods require further biochemical tests after presumptive colonies have
been identified requiring an additional 24-48 h to identify Salmonella. Studies conducted
at our laboratory (data not published) in 2009 and 2010 isolated Enterobacter spp.,
Citrobacter spp., Proteus spp., Serratia spp., Edwrdisiella tarda and Pseudomonas spp.
from live catfish and catfish fillets in processing facilities. Background microflora
(Citrobacter spp., Proteus spp. and Pseudomonas spp.) can interfere with the
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identification of Salmonella in aquaculture and other products. This phenomenon occurs
when a black precipitate forms on XLD agar due to the production of hydrogen sulfide by
the metabolic process characteristic of Salmonella spp., Serratia spp., Enterococcus spp.
and Proteus spp. (Moats, 1978). This metabolic process has been studied before and it
was shown that the production of hydrogen sulfide has been associated with the reduction
of thiosulfate and sulfite with methyl viologen under anaerobic conditions, which is
characteristic of many microorganisms from the Enterobacteriaceae family (Clark and
Barret, 1987). Identification of background microflora in fish has been reported. Studies
done on wild and cultured Clarias gariepinus (African catfish) and Oreochromis
Niloticus (Nile tilapia) in southwest Nigeria isolated Bacillus spp., Proteus spp.,
Pseudomonas spp., Klebsiella spp., Streptococcus spp., Salmonella spp., Serratia spp.
and Escherichia spp. from the skin and stomach (Musefiu et al., 2011). Others have
reported that Pseudomonas fluorescens, Micrococcus luteus, Aeromonas hydrophila,
Escherichia coli and Staphylococcus spp. were isolated from the external surface of live
and smoked Clarias gariepinus (Abidemi-Iromini et al., 2011; Ikpi and Offem, 2010).
These findings are similar to the results of this research in which background microflora
has been identified.
Novobiocin inhibits some of the bacteria mentioned (Moats, 1978), therefore a
higher specificity can be obtained by lowering false positive bacteria, which also results
in reduced costs and time during the isolation and identification process. Novobiocin is
used as part of the protocol for the isolation of Escherichia coli O157:H7 (Feng et al.,
2011). This study adapted the addition of an antimicrobial from the isolation protocol of
Escherichia coli O157:H7 to Salmonella isolation. A previous study conducted in the
27

laboratory showed that Salmonella spp. was not inhibited by novobiocin (data not
shown).
Serotypes of Salmonella on catfish processing facilities
A total of 744 samples were collected from three catfish processing facilities
between 2009 and 2010. Table 3.1 shows the positive Salmonella samples isolated by
serotype, for whole catfish samples (n= 36), catfish samples before chilling (n= 60), after
chilling (n= 60), intestine (n=36) and for environmental sites (n= 120) in 2009 (n= 372).
Overall, 29 Salmonella isolates were isolated from various points in the catfish
processing facility (Table 3.1). Salmonella ser. 4,5,12:i:- (2/60) was isolated from two
fillets before chilling and Salmonella ser. Montevideo (1/60) was isolated on one fillet
after chilling, Salmonella ser. Typhimurium were found on catfish fillets after chilling
(2/60) and on skin surface (1/36) (Table 3.1). Several different serotypes including
Salmonella ser. rough_O:d:lw (6/372), Salmonella ser. Senftenberg (7/372), Salmonella
ser. Putten (5/272) and multiple serotypes (4/372) were isolated from catfish fillets prior
to chilling. After chilling, catfish fillets that were contaminated with Salmonella included
the serotypes Typhimurium (2/60), Montevideo (1/60), Senftenberg (3/60) and
rough_O:d:lw (3/60). Salmonella ser. rough_O:d:lw were isolated from the intestine
(2/36) from whole live fish prior to entering the processing facility. Also, Salmonella ser.
Putten was isolated from the manual deheading table (1/6) and from fillets before chilling
(3/60), while Salmonella ser. Infantis was isolated from belts after chilling (1/6). These
findings suggest the ubiquitous nature of Salmonella spp. due to its random distribution
among different sampling points. There may be a possibility to cross-contaminate other
surfaces and raw material (Wyatt et al., 1979) inside the processing environment because
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Salmonella was isolated from skin and fillets before chilling, fillets after chilling and on
belt surfaces after chilling. Salmonella (0/60) were not isolated from frozen catfish
products. This may lead to the conclusion that freezing may injure some cells, therefore
reducing the likelihood of isolating Salmonella from frozen seafood products (Archer,
2004; Gonzales-Rodríguez et al., 2002). One study reported that 90% of the viable cells
were injured while exposed to rapid freezing by dry ice-acetone bath for 10 min (Ray et
al., 1972). The authors suggested that injury involved the lipopolysaccharide of the cell
wall and repair of injured cells were higher in non-selective plating media.
Table 3.2 shows Salmonella spp. isolates from processing facilities and
processing points in 2010. Salmonella spp. isolates in 2010 were lower than in 2009
(29/372 vs. 15/372). Salmonella spp. (11/36) in 2010 showed a higher number of
positives for catfish fillets before chilling, while only three catfish fillet samples after
chilling and one surface from the processing facilities was positive for Salmonella.
Differences in serotypes were observed in 2010. Salmonella ser. Montevideo
(6/60), Salmonella ser. Infantis (1/60), Salmonella ser. Hartford (2/60) and Salmonella
ser. 6,7:-:1,5 (1/60) were isolated from fillets prior to chilling. Salmonella ser. Indikan
(1/60) and Salmonella ser. Mbandaka (1/60) were isolated from one fillet before chilling
and waste belt, respectively. In addition, multiple serotypes (3/60) were isolated from
catfish fillets before chilling. There were no Salmonella ser. Typhimurium found in
isolates acquired in 2010. Furthermore, no Salmonella spp. was found on the final
product (frozen) at the end of the process. These results show that only 2.08% (5/240) of
Salmonella spp. were isolated from the environmental sites during a two year period.
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However, 9.9% (25/252) and 5.5% (14/252) of Salmonella spp. were isolated from fish
products during 2009 and 2010, respectively, for an average of 7.7% (39/504).
Prevalence of Salmonella in catfish products has been reported in the past with
discrepancies. Some have reported Salmonella spp. prevalence at 21% (n= 52) (Wyatt et
al., 1979) and 2.3% (n = 220) (McCaskey et al., 1998) in fresh catfish fillets while others
reported 42% (n = 60) (Pal and Marshall, 2009) of Salmonella spp. prevalence in farmraised catfish (Ictalurus ponctatus) (n= 30) and frozen basa (Pangasius bocourti) (n = 30)
fillets. Others have reported 30% prevalence of Salmonella spp. in catfish (n= 20)
(Kumar et al., 2003) and 80%, 40%, 20% and 6.67% in whole catfish (n= 5), gills (n= 5),
intestine (n= 5) and water (n= 5), respectively, from three catfish markets (Budiati et al.,
2011). Differences in these findings may be due to their specific sampling, type of
process (fresh and frozen), source of the fish (import or domestic) or isolation method.
The majority of the reports mentioned above were done following approved methods, but
discrepancies in agar media and identification methods may result in differences in the
number of positive Salmonella. However, one study reported that there was no enhanced
performance by using different media combinations (Pal and Marshall, 2009). It should
be noted that some of the reports had a low number of samples and may not be
representative of prevalence of Salmonella spp. in catfish. Confirmation of Salmonella
varies, and may influence the number of positive samples. Some have reported using a
fatty acid methyl ester analysis using gas chromatography (Pal and Marshall, 2009),
while others use PCR and gel electrophoresis (Kumar et al., 2003) and biochemical
reactions (Andrews et al., 2011) for Salmonella confirmation. A standardized

30

confirmation method for Salmonella in aquaculture may improve the number of positive
samples reported.
Although it has been suggested that contamination of Salmonella spp. may
originate from aquaculture ponds due to its presence on the skin (Wyatt et al., 1979); the
authors suggested that water temperature, organic matter content and stocking level may
have an effect on the presence of this pathogen. Wyatt et al. (1979) stated that the
presence of Salmonella spp. on the skin may be a source of cross-contamination during
processing practices. Findings in the present study support that it is possible to recover
Salmonella spp. from catfish products but discrepancies in overall prevalence (5.9% in
this study) were also noted. Differences in positive Salmonella spp. samples that were
isolated between two years and also between facilities may suggest changes in cleaning
and sanitation procedures (Pal and Marshall, 2009; Weissinger et al., 2000), facility
temperature, food product handling and genetic diversity (Wagner et al., 2006).
Furthermore, it is difficult to predict the source and serotype of Salmonella spp. that can
contaminate the catfish product due to the pathogen’s opportunistic nature (Wagner et al.,
2006) and its range of growing conditions.
Clonal similarities of Salmonella spp. from catfish processing facilities
Pulse field gel electrophoresis (PFGE) was done on all Salmonella serotypes
isolated from processing facilities. Two samples of catfish fillets prior to chilling (2010)
were found to have Salmonella ser. Montevideo (CL0031 and CL0035) with 85%
similarity (Figure 3.2). This suggests possible contaminated catfish fillets within the same
process point (fillets before chilling) with similar bacteria, but the source could not be
identified. There was no similarity found for the other isolates regardless of the
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processing point or year. No similarities were found between the environmental and
catfish product samples. Furthermore, the PFGE dendrogram confirms the ability of
Salmonella spp. to be opportunistic to the changing conditions on a typical processing
facility. PFGE results support the fact that it is difficult to predict the source of
Salmonella due to its distribution among the processing facility points.
Salmonella spp. is not recognized as normal flora of temperate aquatic
environments (Koonse et al., 2005; Gonzales-Rodríguez et al., 2002) but several authors
have reported high incidence: 23.2% (Kumar et al., 2009), 30% (Kumar et al., 2003) and
52% (Shabarinath et al., 2007) of Salmonella spp. in raw aquaculture products from
tropical climates. Salmonella spp. isolates were lower in 2010 than 2009, and the
isolation point also changed. Temperature and changes in cleaning and sanitation
practices may have influenced the recovery of Salmonella spp. In addition, different
serotypes were recovered between the years 2009 and 2010. Another factor observed was
that it is possible to cross contaminate the catfish fillet and the conveyor belt and
equipment and vice versa. Bacterial counts (APC) were found at the deheader and skinner
roller (2 and 4 log CFU/cm2) (Silva et al., 2003), > 7 log CFU/cm2 at the evisceration
stage of the process (Nuñez et al., 2003) and high counts of fecal bacteria (Koonse et al.,
2005) may indicate possible sources of contamination in the processing facility. Finally,
Salmonella spp. may contaminate processing facilities through rearing practices, poor
hygiene practices during post-harvest, and processing (Pal and Marshall, 2009; Koonse et
al., 2005; Gonzales-Rodríguez et al., 2002; Wyatt et al., 1979). This is of great concern
because if the conditions are adequate, Salmonella may proliferate (regardless of
serotype) inside the catfish processing plant and may contaminate the final product.
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Tables and Figures
Table 3.1

Prevalence of Salmonella spp. in fish and the environment from catfish
processing facilities in 2009

Table 3.2

Prevalence of Salmonella spp. in fish and the environment from catfish
processing facilities in 2010
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Figure 3.1

Typical catfish processing facility flowchart with sampling points.

(F = fish sample, E= environmental sample and * = indicates sampled points)
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Figure 3.2

Dendrogram of clonal similar Salmonella ser. Montevideo (85%) (CL0031
and CL0035) in catfish processing facilities.

BC= fillet before chilling, AC= Fillet after chilling
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CHAPTER IV
CLONAL SIMILARITIES OF SALMONELLA SPP. ISOALTED FROM LIVE
CATFISH
Abstract
Salmonella spp. are pathogens that may be present and contaminate aquaculture
products. Clonal similarities of Salmonella spp. isolated from various sites were detected
by PFGE to identify possible sources of the pathogen. Most of the Salmonella spp.
isolates were collected during the summer. Clonal similarities of Salmonella spp. were
found on live catfish within a sampling site, but no other similarities were found. These
findings suggest that it is difficult to identify possible sources of Salmonella spp. due to
the pathogen’s opportunistic nature and ability to adapt to the environment. However this
research, as well as other reports, suggests that farmers and processors need to be more
aware of Salmonella spp. during the warm months of the year.
Keywords: Salmonella; catfish; PCR; PFGE
Introduction
Catfish production is the most important aquaculture industry in the U.S., with
total sales of 423 million dollars (USDA, 2012) and it’s concentrated in Mississippi,
Alabama, Arkansas and Texas, representing 95% of the total sales in the U.S. Hazards
associated with the production of aquaculture products have been reported (FDA, 2011a;
FAO, 2010; Huss and Gram, 2004). The FDA provides reports and refusal of aquaculture
products with biological contamination (Salmonella spp., Listeria monocytogenes and
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pathogenic E. coli) (FDA, 2011a). Recalls of aquaculture products due to biological
hazards present in frozen and fresh fish, crab and shrimp (FDA, 2011b) have made the
consumer aware of the safety of the food products they consume. Violation rates due to
Salmonella contamination are higher in shrimp and prawns (58%) followed by lobster
(5%), tilapia (4%), oyster (3%), and catfish (2%) (Allshouse et al., 2004). Salmonella is a
pathogen that is not usually associated with aquaculture products from temperate climates
(Millard and Rocklif, 2004; Gonzales-Rodríguez et al., 2002). However, it has been
commonly isolated from products originating from tropical climates (Musefiu et al.,
2011; Mol et al., 2010; Ponce et al., 2008; Zhao et al., 2003) and temperate climates
(Simental and Martinez-Urtaza, 2008). Other studies suggest that aquatic environments
are reservoirs of Salmonella spp. (Olgunoğlu, 2012), thus making fishery products
carriers of foodborne pathogens (Upadhyay et al., 2010). Salmonella may cause
foodborne related illnesses characterized by fever, nausea, vomiting, bloody diarrhea and
abdominal cramps (Salmonella ser. Typhimurium and Salmonella ser. Enteritidis) or
more life threatening diseases like typhoid fever (Salmonella ser. Typhi) (Murray et al.,
2005). Also, Salmonella had the most common infection due to illness and estimated to
be 1.2 million (annually) in the U.S., in fact the incidence of Salmonella illnesses
increased by 3% as of 2010 (CDC, 2011).
In 1991 catfish was attributed to one reported illness due to contamination with
Salmonella ser. Hadar in a restaurant, indicating that this pathogen may survive in
undercooked products (CDC, 1991). However, this report did not confirm the source of
contamination. Reports of Salmonella incidence in a nine-year study (1990-1998) in fish
and in seafood products were 7.2% (import) and 1.3% (domestic) (Heinitz et al., 2000).
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Others have reported zero Salmonella incidence in fish (Brazil) (Da Silva et al., 2010)
and 23.2% in seafood (India) (Kumar et al., 2009) while others have reported 2.3%
(McCaskey et al., 1998) and 21% (Pal and Marshall, 2009) in domestic catfish products.
These studies may not show the true overall incidence in aquaculture products. However,
these studies demonstrate that it is possible to isolate Salmonella spp. from catfish and
other aquaculture products. Biological contamination of aquaculture products can be
attributed, but not limited, to poor hygiene and handling practices (Zhao et al., 2003),
fecal contamination from animals (Gonzales-Rodríguez et al., 2002; Berg and Anderson,
1972), water temperature and quality, cross contamination of raw material with food
contact surfaces (Wyatt et al., 1979) and temperature abuse in processing environments
(Jay et al., 2005).
Sources of Salmonella spp. in aquaculture products have been reported (Ikpi and
Affem, 2010; Gecan et al., 1988; Wyatt et al., 1979; Berg and Anderson, 1972). Pulse
field gel electrophoresis (PFGE) is often used by researchers to determine outbreaks and
persistency of pathogens and link them to their source. In a study to determine bacterial
contamination in a processing plant (animal products), PFGE analysis of Salmonella
indicated that the pathogen was not persistent in the processing environment (Kinley et
al., 2010). Others have used PFGE to report relatedness of human salmonellosis from
clinical isolates to food sources (Lomonaco et al., 2008), outbreaks in different countries
(Hello et al., 2011), imported seafood products (Ponce et al., 2008) and even in home
aquariums (Levings et al., 2006). These reports show that PFGE can aid in identifying
pathogens, sources and persistency trough time and locations. Standardization of PFGE
protocols for Salmonella spp. was developed (Ribot et al., 2006) and is used by
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laboratories in PulseNet for surveillance and outbreaks investigation. The objective of
this study was to investigate the clonal similarities of Salmonella spp. collected from live
catfish.
Materials and Methods
Identification of presumptive Salmonella spp. by PCR and gel electrophoresis
Presumptive Salmonella spp. isolates were obtained from live catfish from
various sources and were confirmed at a species level by PCR and gel electrophoresis.
Confirmation of presumptive Salmonella spp. was possible by transferring one milliliter
of previously incubated (18- 24 h at 37°C) samples into a non-selective broth (trypticase
soy broth, DifcoTM Fisher Scientific). The cell suspension was transferred to a centrifuge
tube and centrifuged for two minutes. Cells were lysed by boiling for 5 min and the
supernatant was collected. Two microliters of supernatant, 1 µl of forward primer (Itsf –
5’TATAGCCCCATCGTGTAGTCA 3’) (Sigma®), and 1 µl reverse primer (Itsr –
5’TGCGGCTGGATCACCTCCTT 3’) (Sigma®), 7.5 µl of distilled water and 12.5 µl of
GoTaq® Green Master Mix (Promega, Madison, WI) were added to a PCR tube. PCR
(Master Cycler) was done according to the following conditions: initial thermal cycling
was 94ºC for 3 min, followed by 30 cycles of amplification, consisting of denaturation at
94ºC for 30 s, annealing at 61ºC for 35 sec and extension (72ºC) for 35 s during each step
(Park et al., 2007). In addition the primer pairs INVa-F
(5’ACAGTGCTCGTTTACGACCTGAAT’3) (Sigma®) and INVa-R
(5’AGACGACTGGTACTGATCCATAAT’3) (Upadhyay et al., 2010) were used to
confirm the isolates at a species level.
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After obtaining the amplified PCR product, the sample was subjected to
electrophoresis (TaKaRA, Mupid®-exu) for 22-25 min at 135 V. The gel was
photographed under ultraviolet (UV) light (Major Science UVDI) to identify bands with
~290 (Its) base pairs. Salmonella (ATCC 14028) was used as a control to compare bands.
Serotyping of Salmonella spp. isolates was done by tube or slide agglutination techniques
(Onyuka et al., 2011).
Identification of clonal similarities of Salmonella spp. in live catfish
Pulse field gel electrophoresis was conducted as described previously in Chapter
III following approved protocols (Ribot et al., 2006).
Identification of natural flora and false positive bacteria by API® 20E
False positive isolates were streaked onto Chromagar OrientationTM agar (Figure
A.3) to identify different bacteria with similar reactions to Salmonella on conventional
media. Presumptive colonies (Enterobacter spp., Citrobacter spp., Prorteus spp., Serratia
spp. among others) from Chromagar OrientationTM (BD, DifcoTM) were selected and
inoculated to the API® 20E strips and incubated for 24 h at 35 ± 2ºC. After 24 h the strips
were read and data were recorded. In addition, the API® 20E identification system was
used to identify false positive bacteria that resulted negative on gel electrophoresis. All
reactions were read according to the interpretation reaction provided by the manufacturer
and identification was obtained by referring to the Analytical Profile Index (BioMérieux,
Inc.).
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Results and Discussion
Salmonella spp. isolated from live catfish
All presumptive Salmonella spp. secured were confirmed by PCR. Figure 4.1
shows Salmonella spp. bands (~ 290 and ~ 244 base pairs) that were confirmed by PCR
and gel electrophoresis. Intrinsic and extrinsic factors may influence Salmonella spp.
ability to grow (Jay et al., 2005) and may influence the number of positive samples
recovered. Two Salmonella spp. from live catfish were isolated and identified as
Salmonella ser. 4,5,12:i:- (n= 2) and ser. Braenderup (n= 1). Salmonella ser. Braenderup
has also been linked to causing salmonellosis (diarrhea, vomiting, abdominal cramps and
fever) in humans from contaminated food (Urfer et al., 2000). The U.S. Centers for
Disease Control and Prevention (CDC) reported that Salmonella ser. Braenderup caused a
multistate outbreak by contaminated Roma tomatoes, which resulted in the
hospitalization of 30% of the infected individuals (CDC, 2004). Salmonella ser.
Braenderup has been isolated from non-human sources such as bovine (n= 8), equine (n=
67) and wild birds/animals (n= 3) as reported by the CDC (2009). Another isolate found
on live catfish skin was identified as III60:z52:z. (n= 2), a serotype commonly associated
with Salmonella ser. Arizonae (McQuiston et al., 2004; Ewing, 1986). This serotype is
commonly found in reptiles (snakes) and has been linked to causing severe enteritis and
septicemia in chicks and turkey poults (Libby et al., 2002). Presence of reptiles (Iwamoto
et al., 2010) and birds (Berg and Anderson, 1972) may have caused the transmission of
Salmonella ser. Arizonae to catfish. Other Salmonella isolates from live catfish were
identified as Salmonella ser. Barranquilla (n= 6). The serotype Barranquilla has been
isolated from feces of ill lactating dairy cattle and equine (CDC, 2009; Edrington et al.,
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2008). All isolates mentioned above were reported to be obtained between February and
May, cooler weather months in the southwestern U.S.
Other Salmonella spp. isolates from live catfish were identified as serotype
Typhimurium (n= 10), regardless of the selective broth or agar. Salmonella ser.
Thyphimurium is a recognized pathogen that produces salmonellosis on humans (Murray
et al., 2005) and has been isolated from bovine (n= 94), chicken (n= 9), domestic
animals/environment (n= 9) and birds and wild animals (n= 107) (CDC, 2009). In
addition, two Salmonella spp. isolated from the sediment were identified as serotype
Mbandaka (n= 2). Salmonella ser. Mbandaka has been associated with salmonellosis in
humans and bovine animals (Filioussis et al., 2008; Edrington et al., 2007) and has also
been isolated from contaminated feed (Jones et al., 1985). Filioussis et al. (2008) reported
that Salmonella ser. Mbandaka isolated from swine was found to be resistant to various
antibiotics including tetracycline, ampicillin and trimethroprim/sulfamethoxazole. The
isolates mentioned above were obtained during the months of June to September.
Mississippi, Alabama and Arkansas have temperature ranges from 29° to 38°C during
this time which may impact the proliferation of Salmonella spp. These findings may
indicate that during mild to warm months, the proliferation of Salmonella spp. is higher
than other seasons as reported by others (Martinez-Urtaza et al., 2004; McCaskey et al.,
1998; Wyatt et al., 1979).
Overall, Salmonella ser. Typhimurium (n= 10) was the most abundant isolate on
live catfish and was isolated only during the summer season (Table 4.1). Salmonella ser.
Braenderup (n= 1) and 4,5,12:i:- (n= 2) were the only isolates found during the cooler
season and Salmonella ser. Braenderup and 4,5,12:i:- were not found during the
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remaining seasons (spring, summer and fall). The majority of Salmonella spp. isolates
was found on the skin and may be a source of cross-contamination in catfish processing
facilities (Bryan, 1980; Wyatt et al., 1979; Wyatt et al. 1977; Gangarosa et al., 1968).
Additional live catfish samples showed negative results for Salmonella spp. These
finding may indicate that Salmonella spp. may not be present in aquaculture products in
all seasons, which is similar to other research (Iwamoto et al., 2010).
Some false positive bacteria were identified as Klebsiella pneumoniae and
Pseudomonas aeuriginosa by the API® 20E test kit. Klebsiella pneumoniae and
Pseudomonas aeuriginosa are known as nosocomial pathogens (hospital acquired
infections) that are opportunistic when patients have an inmunocompromised system
(Bentzel et al., 2004). In addition, other presumptive Salmonella spp. isolates shown on
the gel photo labeled 3, 4, 5, and 6 were false positive (Figure 4.1). These false positive
bacteria were re-streaked in the differential media Chromagar OrientationTM and were
identified as Proteus mirabillis and Citrobacter freundii (Samra et al., 1998; Merlino et
al., 1996). This leads to the conclusion that effective confirmation is needed in the case of
Salmonella for aquaculture products, or the incidence reported may be higher than it
actually is.
Clonal similarities of Salmonella spp. in live catfish
Isolates recovered from catfish skin were reported to be isolated during the
summer from live catfish skin. It should be noted that there were no similarities on
Salmonella ser. Typhimurium when compared to other samples. Samples submitted from
the subsequent year had no clonal similarities between them or from the previous year,
suggesting that this particular serotype may not be present during all seasons. In addition,
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it is difficult to identify sources and persistency of Salmonella spp. (Ponce et al., 2008)
due to its unique biology and ability to adapt to the environment (Iwamoto et al., 2010).
It is possible to recover Salmonella spp. from live catfish having adequate
conditions for growth such as water temperature, organic matter (Wyatt et al., 1979) and
presence of wild birds and animals (Berg and Anderson, 1972). Different serotypes found
during the time of this research suggest specific growth of certain serotypes of
Salmonella. Salmonella ser. Braenderup, III60:z52:z and 4,5,12:i:- were isolated in
winter but absent during the other seasons. The predominant strain isolated from live
catfish skin was Salmonella ser. Typhimurium in the warm months but was not reported
to be found during winter, spring and fall. These findings may indicate that Salmonella
ser. Typhimurium may proliferate in warm temperatures, similar to other studies (Kumar
et al., 2009; Brands et al., 2005) but may not persist during colder seasons of the year.
Temperature seems to be the major factor in the recuperation of Salmonella spp.
in live catfish during warm temperatures. However, Salmonella ser. Typhimurium has
been shown to resume growth after exposure to stress (low temperature and pH)
(Humphrey et al., 2011), which can be unfavorable with catfish processing facilities.
Salmonella ser. Typhimurium is not associated with catfish but it may be possible for
Salmonella ser. Typhimurium to contaminate the catfish processing plant with
contaminated whole live fish (Bryan, 1980; Gangarosa et al., 1968). It has been suggested
that the presence of Salmonella spp. in skin and viscera is the result of being present in
the farm (Wyatt et al., 1977). Factors that influence Salmonella recovery could be
attributed to injured cells (Andrews, 1986), region and period and processing
temperatures (Humphrey et al., 2011; Butler and Ludovici, 1969). In addition, stocking
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density, temperature, water quality, and wild life may influence the presence of
Salmonella in live catfish (Olgunoğlu, 2012; Zhao et al., 2003; Wyatt et al., 1979).
Salmonella spp. in live catfish skin has the possibility to grow before entering the
processing plant, cross contaminate other fish and processing equipment while they are in
hold, or waiting to be processed, especially during warm conditions (Brands et al., 2005).
Raw catfish can transfer Salmonella spp. during manual or automatic skinning to food
contact surfaces and non-food contact surfaces (Wyatt et al., 1979). Studies conducted at
the Food Science, Nutrition and Health Promotion Department at Mississippi State have
isolated (Chapter III) Salmonella ser. Typhimurium, Montevideo, Senftenberg, Putten,
Hartford, Idikan, Barranquilla, Arizonae and Mbandaka on catfish fillets, gastrointestinal
tract and environment regardless of the stage of processing. Catfish fillets (frozen or
fresh) which is the product going to consumers can become contaminated with this
pathogen (Pal and Marshall, 2009; Allshouse et al., 2004; McCaskey et al., 1998).
Although specific sources of Salmonella spp. were not determined, this study supports
that Salmonella spp. may grow more favorable during warm temperatures and survive
processing. A risk assessment has identified Salmonella spp. as a hazard related to farmraised catfish consumption (McCoy et al., 2011). Therefore, caution must be taken while
handling aquaculture products. Applying good agricultural practices such as maintaining
low stocking densities (Wyatt et al., 1979), preventing runoff water (Martinez-Urtaza et
al., 2004), and minimizing the presence of wild animals may minimize the presence of
this pathogen in the live product. Finally, at the processing level, maintaining good
hygiene practices, preventing cross-contamination of equipment and utensils (Bryan,
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1980), and maintaining low temperatures may prevent Salmonella contamination in the
finished product.
Tables and Figures
Presence of Salmonella spp. in live catfish by serotype and source

Table 4.1
Sample Point
Fish skin
Sediment
Water
Total

Number of Salmonella spp. by serotype and source in live catfish
4,5,12:i:- III60:z52:z Braenderup Barranquilla Thyphimurium Thompson Mbandaka
2
2
1
6
10
0
0
0
0
0
0
0
1
2
0
0
0
0
0
0
2
2
2
1
6
10
1
4

Figure 4.1

Unknown

Total
4
0
0
4

Identification of Salmonella spp. from live catfish by gel electrophoresis

AL – ladder, C= control
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25
3
2
30

CHAPTER V
CLONAL SIMILARITIES AND DRUG RESISTANCE OF SALMONELLA
SEROTYPES ISOLATED FROM LIVE AND PROCESSED CATFISH

Abstract
Salmonella is a pathogen that has been isolated from farm and processed
aquaculture products. Salmonella spp. were isolated from live catfish skin, processed
products, and processing environments during different seasons of the year for three
years, and analyzed for clonal similarities and drug resistance. Fifty-one Salmonella spp.
were isolated from catfish skin (0.2%) catfish products (7.3%) and processing
environments (3.1%) and more than ten different serotypes were identified. The
predominant serovars were Typhimurium in live fish, Senftenberg and Montevideo in
catfish products and Typhimurium in the environments. Salmonella spp. isolates were
found to be resistant to vancomycin (100%), erythromycin (49% intermediate and 51%
resistant) and rifampin (16% intermediate and 84% resistant) regardless of the serotype.
In addition, two isolates were resistant to cephalothin (4%) and one isolate was resistant
to streptomycin (2%). Furthermore, clonal similarities (> 90%) were found on six
Salmonella ser. Typhimurium isolated at different sampling points in one catfish
processing facility but there were no similarities between sampling periods. This supports
the hypothesis that Salmonella is an opportunistic pathogen in aquaculture products and
the catfish processing environment.
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Characterization of integrons and plasmid DNA were negative, suggesting that
the isolated Salmonella strains have not uptake any extra chromosomal resistant genes.
Keywords: Salmonella, multi-drug resistance, clonal similarities
Introduction
There are 98.8 million estimated cases of gastroenteritis due to Salmonella spp.
each year, with about 86% being foodborne cases (Majowicz et al., 2010). Salmonella is
a recognized foodborne pathogen that can cause illnesses to humans (Murray et al., 2005;
Gil-Setas et al., 2002). Drugs such as fluroquinolones, third generation cephalosporins
ampicillin, amoxicillin and sulfonamides are used to treat Salmonella infections in
humans (WHO, 2005). However some of these drugs are also used to treat veterinary
related diseases in aquaculture production (FDA, 2011a). Governmental agencies (FDA)
control and approve the use of these drugs in aquaculture, requiring a prescription from a
licensed veterinarian and method to administer the drugs (FDA, 2011a). In the U.S.,
drugs that are approved for use in aquaculture products (catfish, trout and salmon) are
chorionic gonadotropin (spawning), formalin solution (control of external protozoa),
florfenicol (control of enteric septicemia), oxytetracycline (treat bacterial hemorrhagic
septicemia) and hydrogen peroxide (external columnaris and bacterial gill disease) (FDA,
2011a). There is a concern among the scientific community with respect to the possible
consequences of the misuse of aquaculture drugs and how it may affect the environment
(Martinez, 2009), microbial population (resistant to drugs) and effectiveness to treat
diseases in humans (Defoirdt et al., 2011; Sapkota et al., 2008).
The use of aquaculture drugs has been linked to the presence of multi-drug
resistant Salmonella (Ponce et al., 2008; Aarestrup et al., 2007; Le et al., 2005; Majtán et
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al., 2004; White et al., 2003) in food products. The presence of multi-drug resistant
Salmonella may occur in response to differences in serotypes and drug use in food animal
products and drug residue in ponds (Swapna et al., 2012; Holmström et al., 2003; Inglis,
2000), limiting effective treatment if infection occurs via contaminated food products
(WHO, 2005). Others have suggested that multi-drug resistance may occur due to mobile
genetic elements (plasmids and transposons) by uptake of genetic material from other
bacteria or the environment (Ponce et al., 2008; Majtán et al., 2004; Liebert et al., 1999;
Ng et al., 1999; Karmaker et al., 1991). In a clinical study done in Spain, multi-drug
resistance was found in Salmonella ser. Typhimurium (45%), Panama (23%) and
Virchow (4%) from 333 isolates (Guerra et al., 2000). There have been reports of an
international spread of multi-drug resistance of Salmonella from poultry (Hello et al.,
2011; Aarestrup et al., 2007), swine (White et al., 2003), and shrimp (Le et al., 2005).
Antimicrobial resistance of Salmonella has been linked to catfish and tilapia from Taiwan
and Thailand (Zhao et al. 2003). Salmonella ser. Darby, Hadar and Virchow have been
isolated from frozen anchovies and frozen catfish and was reported to be resistant to
ampicillin, chloramphenicol, tretracycline and trimethoprim/sulfamethoxazole (Zhao et
al., 2003). Zhao et al. (2003) suggested that antimicrobial resistant Salmonella was
entering the country from imported seafood products.
Subtyping via pulse field gel electrophoresis (PFGE) has been described
previously (Ribot et al., 2006), and this technique has been used to identify sources of
epidemiological diseases that are caused by Salmonella spp. (Hello et al., 2011;
Lomonaco et al., 2008; Fakhr et al., 2006) in clinical cases and in contaminated food
products. PFGE can assist researchers to distinguished between Salmonella serotypes
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(Ponce et al., 2008; Zheng et al., 2007; Ribot et al., 2006), identify persistence in
production facilities (Kinley et al., 2010) and monitor the occurrence of infections (Long
et al., 2010). This molecular biology tool can be used to monitor the occurrence and
persistence of Salmonella spp. in aquaculture products (Kumar et al., 2009).
It has been suggested that plasmids and class I integrons (containing genes that
confer resistance) (Levesque et al., 1995) are carried by some Salmonella serotypes (Van
et al., 2007; Guerra et al., 2000; Sandvang et al., 1997) and can be found in contaminated
food products (Meng et al., 2011; Zhao et al., 2003) or in clinical isolates (Lindstedt et
al., 2003). Plasmid and integron characterization has been described before (Morshed and
Peighambari, 2010; Van der Walt; 1998; Levesque et al., 1995; Kado and Liu, 1981) and
it has been reported that plasmids may carry antimicrobial resistant genes (Rao et al.,
2008; Guerra et al., 2000), with the possibility that these genes may be transferred to
other bacteria (Meng et al., 2011). Transfer of these genes may be due to the use of
chemicals or presence of other bacteria in the environment (Ponce et al., 2008).
Adaptation and mechanisms of resistance in Salmonella enterica have been suggested
before (Alonso-Hernando et al., 2009). Studies have demonstrated that decontaminants
(trisodium phosphate, acidified sodium chlorite and citric acid) and antibiotics
(erythromycin, benzalkonium chloride and tricolsan) result in permeability changes in the
outer membrane and differences in initial antimicrobial susceptibility in Salmonella spp.
(clinical and food) (Alonso-Hernando et al., 2009; Braoudaki and Hilton, 2005), which
may be a concern to food producers, regulators, health care professionals and consumers.
The objectives of this study were to (1) study drug resistance among different
Salmonella serotypes from various catfish sources using the Bauer-Kirby diffusion test,
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(2) to perform PFGE on the isolates to identify clonal similarities, and (3) to characterize
resistant genes by isolating genomic DNA.
Materials and methods
Samples sites and bacterial isolates
Catfish processing facilities were evaluated over a three-year period for
persistence and antimicrobial resistance. Salmonella spp. isolates (n = 51) were obtained
from live catfish at receiving (swabbing), fillets before and after chilling, phosphate
solution, intestines and frozen fillets as previously described (Chapter III). Salmonella
spp. isolates (n= 35) were obtained from a sampling conducted in 2009 and 2010
(Chapter III) while the remaining isolates (n= 16) were obtained from a sampling
conducted in 2012. The latter included similar catfish products and environmental
sampling points but phosphate solution and injection needles were added to the sampling.
Once isolated and identified they were serotyped by slide agglutination techniques
(Onyuka et al., 2011). Pulse field gel electrophoresis (PFGE) was done to identify clonal
similarities between Salmonella spp. as described in Chapter III.
Antimicrobial susceptibility of Salmonella spp. from catfish sources
Minimum inhibition concentration (MIC) determination was done based on the
Bauer-Kirby method (Bauer et al., 1966) and following the recommendations of the
Clinical and Laboratory Standards Institute (CLSI, 2011). Isolates were streaked on
trypticase soy agar (TSA) (Becton, Dickinson and Company Sparks, MD, USA) and
incubated overnight. Colonies were then transferred to a tube containing 5 ml of
trypticase soy broth (TSB) (Becton, Dickinson and Company Sparks, MD, USA) and
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incubated for 3 h or until 0.5 McFarland turbidity was achieved. Mueller-Hinton agar
(Becton, Dickinson and Company, Sparks, MD, USA) was used to swab the inoculums
following approved techniques. Eight classes of antibiotics and 12 antibiotics were used
in this study that covers those that are permitted for use in catfish farms (FDA, 2011a)
such as TerramycinTM (Oxytetracycline) (FDA, 2012), some that are not permitted but
found on aquaculture products (Zhao et al., 2003; Le et al., 2005; Meng et al., 2011) and
those that are used for clinical therapy (Guerra et al., 2000; WHO, 2005) (Table 5.1).
Antibiotics were obtained and used on all isolates by commercially prepared disks
(BBLTM Sensi-DiscTM Becton, Dickinson and Company, Sparks, MD, USA). Ampicillin
(10 μg), cephalothin (30 μg), chloramphenicol (30 μg), erythromycin (15 μg), gentamycin
(10 μg), kanamycin (30 μg), oxytetracycline (30 μg), rifampin (5 μg), streptomycin (10
μg), tetracycline (30 μg), sulfamethoxazole/trimethoprim (23.75 μg/1.25 μg), and
vancomycin (30 μg) were used in this study.
Bauer-Kirby diffusion test was done by following guidelines provided by CLIS
(Table 5.2). Bacterial isolates that were used in this study for control purposes were
Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 25923), and
Pseudomonas aeruginosa (ATCC 27853) (Becton, Dickinson and Company Sparks, MD,
USA).
Characterization of resistance genes in Salmonella spp. and plasmid isolation
Genomic DNA of Salmonella spp. was extracted using a manufacturer supplied
kit (MoBio Laboratories, Carlsbad, CA) (Figure 5.3). Salmonella cells were grown at
37°C for 16 h and 2 ml were transferred to a collection tube. Cells were lysed using
mechanical action and a vortex. Supernatant was transferred to a new collection tube
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where the DNA was bound to a spin column followed by two washes and the elution of
genomic DNA. Salmonella spp. resistance genes were identified by primer pairs
consisting of intI1, intI2 and intI3 (Table 5.3) (Levesque et al., 1995 and Mazel et al.,
2000).
Plasmid isolation was conducted with commercially available kits (QIAGEN,
2012). Salmonella spp. isolates were grown for 16 h at 37°C and 2 ml were transferred to
a microcentrifuge tube that was centrifuged at >8,000 rpm for 3 min. The bacterial pellet
was resuspended in buffer, lysis buffer was added and tubes were inverted 4-6 times.
After 5 min, another set of buffer was added and mixed by inverting the tube and then
centrifuged for 10 min at 13,000 rpm. Supernatant was applied to a QIAprep spin column
and centrifuge for 30 to 60 s. Washing of the column was done twice and centrifuged for
30-60 s. Finally, elution buffer was added to the column, centrifuged for 1 min, the
column was discarded, and sample was collected.
A 1% agarose gel was prepared to visualize the amplified product by staining
with ethidium bromide (10 mg/ml) under UV light. Gel electrophoresis (TaKaRA,
Mupid®-exu) was performed at 135 V. The gel was photographed under UV (Major
Science UVDI) to identify the amplified product.
Experimental design and statistical analysis
Each isolate was tested in duplicate and antimicrobial testing was conducted at
three different times (blocks). The experiment was analyzed in a randomized complete
block design with antibiotics as treatments using SAS version 9.2 (SAS Institute Inc.).
Data were analyzed using Duncan's new multiple range test to find differences in
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antibiotic resistance between Salmonella spp. isolates. Isolates identified as intermediate
were classified as resistant in this study.
Results and Discussion
Antibiotic resistant Salmonella spp. on catfish processing facilities
Fifty one Salmonella spp. isolates from various catfish processing facilities were
analyzed for antibiotic resistance. All isolates of Salmonella spp. from this study were
susceptible to ampicillin, oxytetracycline, gentamacin, kanamycin, tetracycline
sulfamethoxazole/trimethoprim and chloramphenicol, which are alternative drugs used to
treat Salmonella infections (WHO, 2005). Two isolates, which were identified as rough
O:d:lw, had intermediate resistance to cephalothin (4%) and one isolate identified as
Salmonella ser. Tennessee was resistant to streptomycin (2%). Third-generation
cephalosporins are mainly used in children (WHO, 2005), which may be a potential
problem to treat Salmonella infections in this age group. Streptomycin is not usually used
to treat Salmonella infections, but this drug is used on other gram-negative bacteria such
as E. coli, Klebsiella pneumoniae, Proteus spp. and Enteroccocus faecalis in urinary tract
infections (FDA, 2012c).
All Salmonella spp. regardless of the serotype were resistant to vancomycin
(100%), erythromycin (49% intermediate and 51% resistant) and rifampin (16%
intermediate and 84% susceptible) (Figure 5.1). This study had eight different classes of
antibiotics (Table 5.1) that ranged from those acceptable for use in catfish operations
(oxytetracycline) (FDA, 2011a), to those that are not permitted in catfish operations and
those that are commonly used to treat clinical illnesses (WHO, 2005). All isolates were
resistant to macrolides, glycopeptides and miscellaneous antibiotic classes (3/8), two
54

isolates were resistant to cephalosporin (1/8) and one isolate was resistant to
aminoglycoside (1/8). Overall, these isolates were resistant to five antimicrobial classes
(5/8), suggesting multi-drug resistance (Figure 5.2). In 2010, non-typhodial Salmonella
(11.3%) that was isolated, had resistance to two or more CLSI classes of antimicrobial
agents and 9.1% showed resistance to three or more antimicrobial classes (CDC, 2010).
These findings indicate that isolates from this study were multidrug-resistant Salmonella
regardless of serotype.
There were differences (P ≤ 0.05) in inhibition zones (mm) between antibiotics,
but this phenomenon can be attributed to external characteristics such as type of
antibiotic, agar thickness, incubation temperature, type of sample (WHO, 2006) and
internal characteristics of the pathogen such as inoculum density and serotype. Sample
type can influence susceptibility testing results as reported by Wagner et al. (2006).
Another study reported differences in resistant patterns on two similar Salmonella ser.
Weltevreden from clinical and vegetable isolates, suggesting that source may influence
the results (Thong et al., 2002). This study supports the fact that difference in serotypes
(Kikuvi et al., 2010; Alonso-Hernando et al., 2009) and sources (Wager et al., 2006) may
influence antimicrobial resistance.
Salmonella isolates included in this research showed a resistance pattern of more
than two classes of antibiotics. All Salmonella serovars in this study showed complete
resistance to vamcomycin which is more effective at disrupting cell wall synthesis in
gram-positive bacteria, thus having a slight effect on gram-negative bacteria (Hannah et
al., 2011). In addition, some studies have reported that the sfiX gene is needed for
Salmonella ser. Typhimurium to be resistant to vancomycin (Mouslim et al., 1998).
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Salmonella isolates were also resistant to erythromycin and there is the possibility that
resistance may increase due to exposure to this antibiotic. An in vitro study of Salmonella
ser. Typhimurium reported adaptive resistance by gradual exposure to erythromycin and
other antibiotics (Braoudaki and Hilton, 2005). The study suggested that permeability
changes to the outer wall and lipopolysaccharide may influence the bacteria to become
adaptive to erythromycin. Rifampin resistance was observed in all isolates similar to
other studies (Nayak et al., 2004). Reports have suggested that the use of decontaminants
in a production facility may influence resistant patterns of antimicrobial resistance
(Alonso-Hernando et al. 2009). The latter study suggests that the use of decontaminants
cause some Salmonella enterica strains to change from susceptible to resistant by
changes in the bacterial cell wall envelope, in addition to changes in multi-drug efflux
pumps, which may be serotype specific.
Studies done on fish, shrimp, crabs, snails and mussels have reported
antimicrobial resistance of Salmonella ser. Typhimurium and Salmonella ser.
Weltevreden to ampicillin, streptomycin and tetracycline (Onjuka et al., 2011; Ponce et
al., 2008). Antimicrobial study conducted for Listeria innocua from catfish products and
their environments reported antimicrobial resistance for tetracycline and oxytetracycline
on all isolates (Chen et al., 2010). This study also reported the identification of the tet(M)
gene that confers resistance to tetracycline. These findings suggest that antimicrobial
resistance can be identified in other bacterial species within similar aquaculture products.
In addition, studies done on shrimp farming areas have reported antimicrobial resistance
in water and sediment (Xuan, et al., 2005). Allshouse et al., (2004) reported that shrimp
(58%) had the highest violation for Salmonella than any other seafood product such as
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catfish (2%), tilapia (4%) and oyster (3%) that can pose a potential problem to the
industry (Norhana et al., 2010). Other studies have suggested that Salmonella isolates
(turkeys and feeders) were resistant to gentamycin (52%), streptomycin (48%),
tetracycline (31%) (Nayak et al., 2004) and to kanamycin and trimethroprim/
sulfamethoxazole (dairy cattle) (Edrington et al., 2004). Other studies in swine farms
have shown resistance to ampicillin, tetracycline and trimethroprim/
sulfamethoxazole from Salmonella ser. Mbandaka but this is in contrast to the findings in
the present study. Different factors such as cleaning and sanitation protocols, source, and
strain mutations may be the reason for these different findings. Multi-drug resistant
Salmonella spp. is of great concern and monitoring should be continued to be prepared if
contamination does occurs. Such findings may also help to select proper clinical
treatment if illnesses caused by Salmonella spp. were to occur.
PFGE clonal similarities and antibiotic resistance
Isolates CL0069, CL0070, CL0072 and CL0073 were identified as Salmonella
ser. Typhimurium and had 100% similarity (Figure 5.4). These isolates were identified on
frozen catfish fillets and on injection needles. In addition, isolates CL0077 and CL0078
were also identified as Salmonella ser. Typhimurium had ≥ 86% similarity and were
isolated from the phosphate solution used prior to the injection of catfish fillets. These
findings support that it is possible that equipment may contaminate finished product with
Salmonella ser. Typhimurium (Pal and Marshall, 2009; McCasket et al., 1998). These
similar clonal isolates were resistant to erythromycin, rifampin and vancomycin. These
particular isolates were obtained at the finishing steps in the processing facility
(phosphate solution, processing surface and frozen fillet) (2012 sampling), which may
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indicate contamination of the final product. Nevertheless, there is no indication that these
clonal Salmonella ser. Typhimurium were persistent in the catfish processing plant since
subsequent samplings resulted in different serotypes of Salmonella and no clonal
similarities were found.
Resistant genes in Salmonella spp. from live catfish and catfish products
All isolates were screened for class I, II and III integrons (intl1, intl2 and intl3).
The objective was to identify possible resistant genes in the genomic DNA of Salmonella
spp. isolated from catfish products. There was no presence of integrons found on
Salmonella spp. isolates. In a study done in food products of animal origin in China, 81
isolated Salmonella spp. were screened for class I integrons and the integron were was
only detected in four isolates. One of the isolates (Salmonella ser. Choleraesuis) from
seafood showed an empty integron (did not contain resistant genes) even though it was
resistant to all antibiotics (Meng et al., 2011). These results were similar to the findings in
this study in which antimicrobial resistance was identified, but integrons were absent. A
study conducted in Vietnam on various food products (shellfish, pork and chicken)
reported multi-drug resistant Salmonella ser. Typhimurium (shellfish) that were screened
for class I integrons. Three out of 23 isolates had class I integrons that included antibiotic
resistance genes (dhfrXII- orfF0- aadA2), which confers resistance to trimethoprim and
streptomycin (Van et al., 2007). Plasmid DNA was also isolated from the cell but
visualization by gel electrophoresis was negative which further confirms that the
Salmonella spp. that were isolated did not have resistant genes.
Results from this study show multi-drug resistant Salmonella spp. isolates from
catfish products. These findings are possible due to the antibiotic’s mechanical action on
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the cell wall (vancomycin) (FDA, 2011c). Absence of integrons and plasmid DNA
suggests that there was no uptake of extra chromosomal DNA with resistant genes. Also,
antibiotic resistance appears not to have changed between the Salmonella isolates from
samplings conducted from 2009 to 2011, suggesting that agricultural practices have been
consistent.
This study supports the fact that Salmonella spp. may be entering catfish
processing facilities (Wyatt et al., 1979; Berg and Anderson, 1972) but it is difficult to
predict the source due to differences in serotypes and temporal persistence (Ponce et al.,
2008). Unlike other studies, which support that Salmonella spp. may be persistent in the
processing environment (Norhana et al., 2010; Martinez et al., 2005), this study had
different results in which there were no clonal similar Salmonella spp. persistent in the
processing facilities. However, it is possible to recover this pathogen at various stages in
a catfish processing facility, especially during warm months of the year.
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Tables and Figures
Table 5.1

Example of antibiotic classes permitted and not permitted for use in catfish
production and their uses to treat infections
Class

Antibiotic

B - LACTAM

ampicillin (10 μg)**

CEPHALOSPORIN

cephalothin (30 μg)**

GLYCOPEPTIDES
TETRACYCLINES

MACROLIDES

AMINOGLYCOSIDES

SULFONAMIDES
MISCELLANEOUS

Uses
Wide range of infections

Infections caused by grampositive and gram-negative
bacteria
vancomycin (30 μg)**
MRSA, Enterococcus or
bacteria resistant to
antibiotics
oxytetracycline
Treat bacterial hemorrhagic
(30 μg)*
septicemia caused by
Aeromonas liquefaciens
and Pseudomonas spp. in
fish
tetracycline (30 μg)**
Syphilis, chlamydia,
rickettsial and infections
erythromycin (15 μg)** Streptococcal infections,
syphilis and respiratory
infections and
infections caused by gramnegative bacteria
streptomycin (10 μg)** Infections caused by gramnegative bacteria
kanamycin (30 μg)
gentamycin (10 μg)
sulfamethoxazole/
trimethoprim
(23.75 μg/1.25 μg)**
rifampin (5 μg)

Urinary tract infections

Tuberculosis and leprosy
chloramphenicol
Treat typhoid and other
(30 μg)
Salmonella infections
* Permitted by the FDA to be used in catfish feed (FDA, 2011a).
** Permitted by the FDA to be used in clinical use (FDA, 2012b).
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Table 5.2

Antimicrobial resistant patterns for Enterobacteriaceae* used in this study

Antimicrobial

Source

Ampicillin (AM)

Resistance Patterns (mm)
Resistance

Intermediate

Susceptible

BD**

<13

14-16

>17

Cephalothin (CF)

BD**

<14

15-17

>18

Chloramphenicol (C)

BD**

<12

13-17

>18

Erythromycin (E)

BD**

<13

14-22

>23

Gentamycin (GM)

BD**

<12

13-14

>15

Kanamycin (K)

BD**

<13

14-17

>18

Oxytetracycline (O)

BD**

<8

9-11

>12

Rifampin (RA)

BD**

<16

17-19

>20

Streptomycin (S)

BD**

<11

12-14

>15

Tetracycline (TE)

BD**

<14

15-18

>19

Sulfamethoxazole/
trimethoprim (SXT)
Vancomycin (VA)

BD**

<10

11-15

>16

BD**

<14

15-16

>17

*Adapted from CLSI (2011). ** BD (BBLTM Sensi-DiscTM Becton, Dickinson and
Company, Sparks, MD, USA)

Table 5.3

Oligonucleotide sequences used to amplify Salmonella spp. integrons I, II
and III

Primer
intI1-F
intI1-R
intI2-F
intI2-R
intI3-F
intI3-R

Sequence
GCCTTGCTGTTCTTCTACGG
GATGCCTGCTTGTTCTACGG
CACGGATATGCGACAAAAAGGT
GTAGCAAACGAGTGACGAAATG
GCCTCCGGCAGCGACTTTCAG
ACGGATCTGCCAAACCTGACT
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Reference
Levesque et al., 1995
Levesque et al., 1995
Mazel et al., 2000
Mazel et al., 2000
Mazel et al., 2000
Mazel et al., 2000
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Figure 5.1

Number of Salmonella spp. isolated from catfish products with antibiotic
resistance

(Antibiotics: AM: ampicillin, CF: cephalothin, VA: vancomycin, OX: oxytetracycline, E:
erythromycin, S: streptomycin, GM: gentamycin, K: kanamycin, TE: tetracycline, SXT:
sulfamethoxazole/trimethoprim, RA: rifampin, C: chloramphenicol)
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Figure 5.2

Number of Salmonella spp. isolated from catfish products with antibiotic
resistance by class

(Antibiotics: AM: ampicillin, CF: cephalothin, VA: vancomycin, OX: oxytetracycline, E:
erythromycin, S: streptomycin, GM: gentamycin, K: kanamycin, TE: tetracycline, SXT:
sulfamethoxazole/trimethoprim, RA: rifampin, C: chloramphenicol)
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Figure 5.3

Protocol for isolation of genomic DNA from Salmonella spp. isolated from
catfish products

(Mobio Laboratories, Inc.)
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Figure 5.4

Dendrogram of Salmonella spp. clonal similarities from live fish, catfish
fillets and processing environments within processing facilities.

Surf= Surface, Pho= Phosphate solution, F= Frozen fillet
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CHAPTER VI
SUMMARY AND CONCLUSIONS

This study supports the fact that Salmonella spp. can be found and isolated from
live catfish and from catfish processing facilities. Salmonella serotypes such as:
Salmonella ser. 4,5,12:i:- (2/60), Montevideo (1/60), Typhimurium (3/60) rough_O:d:lw
(6/372), Senftenberg (7/372), Putten (5/272), multiple serotypes (4/372), and Infantis
(1/6) were isolated in 2009 from various catfish products and the environments in catfish
processing facilities. In addition, in 2010 Salmonella ser. Montevideo (6/60), Infantis
(1/60), Hartford (2/60), 6,7:-:1,5 (1/60), Indikan (1/60), Mbandaka (1/60), and multiple
serotypes (3/60) were also isolated from different points. There were no Salmonella ser.
Typhimurium found during this sampling. Overall incidence (5.2%) of Salmonella spp. in
this study was low in catfish processing facilities, which was in contrast to previous
studies. Some studies show low incidence (2.3%) while only one shows high incidence
(42%) in catfish, which raises questions on the actual incidence of Salmonella.
Differences in these findings may be due to their specific sampling, type of process (fresh
and frozen), source of the fish (import or domestic) and identification methods may result
in differences in the number of positive Salmonella samples. However, the presence of
this pathogen in aquaculture products is considered a hazard. Reculturing presumptive
isolates in agar media containing the antibiotic noboviocin reduces false-positive bacteria
with can interfere with identification. Implementing this step in the protocol may give a
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higher chance to select the correct colony and save time. Furthermore, only one pair of
clonal similar (85%) Salmonella ser. Montevideo (catfish fillets before chilling) was
found during the sampling. There were no clonal similarities of Salmonella spp. between
years or processing facilities suggesting that these serotypes of Salmonella may not be
persistent in the processing facility.
Live catfish samples were positive for Salmonella spp. (n= 29), spread across
different sources. Salmonella serotypes obtained from live catfish were Typhimurium,
Mbandaka, Braenderup, 4.5,12:i:-, Barranquilla, III60:z52:z and Thompson. The most
predominant isolates were Salmonella ser. Typhimurium followed by Salmonella ser.
Barranquilla and Salmonella ser. Mbandaka on live catfish skin. All isolates mentioned
above were obtained during the summer from live catfish skin. However, there were no
similarities on Salmonella ser. Typhimurium when compared to other samplings and
there were no Salmonella ser. Typhimurium isolated during the following year suggesting
that this serotype may not be persistent. It is possible to recover Salmonella spp. from
live catfish, which may result in cross-contamination of processing facilities.
Multi-drug resistant Salmonella spp. was isolated from live catfish, fillets,
phosphate solution, and frozen products at catfish processing facilities. All Salmonella
spp. were resistant to at least three antibiotics (vancomycin, erythromycin and rifampin).
Two of these isolates were found to be resistant to cephalothin and streptomycin. All
Sallmonella spp. were resistant to three classes of antibiotics (glycopeptides, macrolides
and miscellaneous). Integrons and extra chromosomal DNA were not found on any of the
Salmonella spp. isolates suggesting that the antibiotics were not effective due to external
and internal factor of the isolates permeability of cell wall and lipopolysaccharide. Four
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isolates found on food contact surfaces on frozen fillets had 100% similarity. In addition,
isolates found in the phosphate solution had ≥ 86% similarity suggesting that these
isolates may contaminate the final product. These similar clonal Salmonella ser.
Typhimurium were found to be resistant to erythromycin, rifampin and vancomycin. In
addition, there were differences (P ≤ 0.05) in inhibition zones (mm) between antibiotics,
but this phenomenon can be attributed to external characteristics of Salmonella.
It is possible to isolate Salmonella spp. from live catfish and processed catfish
products. Adding the antimicrobial novobiocin to the agar media can increase the chance
to isolate Salmonella spp. and decrease false-positive bacteria. Changes in cleaning and
sanitation may influence isolation of Salmonella spp. from the processing plant
environment. Salmonella spp. varied for sampling site, processing facilities and year.
Absence of antibiotic resistant genes suggests that antibiotic resistance was possible
through the biological nature of the pathogen. Clonal similarity for Salmonella spp. was
low, suggesting the opportunistic nature of the pathogen to external conditions. Analysis
of PFGE data suggests that it may be difficult to predict what type of Salmonella spp. can
be found at a specific point in time due to their serotype distribution on catfish products
and environments. Proper cleaning and sanitation at the processing facility may reduce
the presence of this pathogen in catfish products. Cross-contamination of raw products
with ready-to-eat products should be avoided to prevent the spread of the bacteria.
Salmonella spp. is susceptible to heat (75°C/10 min), indicating that adequate cooking
can eliminate this pathogen from any muscle products. Finally, refrigerating foods after
proper cooking can slow the growth of Salmonella thus reducing the risk of
contamination.
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DATA
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Table A.1

Zones of inhibition (mm) for Salmonella spp. isolates from catfish products
by antibiotic

(Antibiotics: AM: ampicillin, CF: cephalothin, VA: vancomycin, OX: oxytetracycline, E:
erythromycin, S: streptomycin, GM: gentamycin, K: kanamycin, TE: tetracycline, SXT:
sulfamethoxazole/trimethoprim, RA: rifampin, C: chloramphenicol)
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Table A.2

Classes of antibiotic and resistance patterns of Salmonella spp. isolates from
catfish products (1 = resistant; 0 = not resistant)

(Antibiotics: AM: ampicillin, CF: cephalothin, VA: vancomycin, OX: oxytetracycline, E:
erythromycin, S: streptomycin, GM: gentamycin, K: kanamycin, TE: tetracycline, SXT:
sulfamethoxazole/trimethoprim, RA: rifampin, C: chloramphenicol)
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Table A.3
Country
U.S.
U.S.
U.S.
U.S.
U.S.
Import
India
Spain
Multiple
Multiple
Multiple
Multiple
Multiple
India
Mexico
Mexico
India
U.S
Import
Brazil
Malaysa
Malaysa
Malaysa
Malaysa
U.S.
U.S.
U.S.

Reports of incidence of Salmonella spp. in selected aquaculture products
from domestic and foreign sources

Sample type
Year of Study Samples Num. Incidence (%)
Season
Reference
Live Catfish
1977
37
48.6
Wyatt et al., 1977
Live Catfish
1979
52
21
Sp, Sm
Wyatt et al., 1979
Catfish Fillets
1979
18
48
Sp, Sm
Wyatt et al., 1979
Catfish Fillets
1998
220
2.3
Sp, Sm, F
McCaskey et al., 1998
Fish and Seafood
1990-1998
768
1.3
Multiple
Heinitz et al., 2000
Fish and Seafood
1990-1998
11,312
7.2
Multiple
Heinitz et al., 2000
Seafood
2003
20
30
Kumar et al., 2003
Mollusk
1999-2002
127
2.4
Sp, Sm, F, W
Martinez-Urtaza et al., 2004
Shrimp
2004
58
Multiple
Allshouse et al., 2004
Catfish
2004
2
Multiple
Allshouse et al., 2004
Tilapia
2004
4
Multiple
Allshouse et al., 2004
Oyster
2004
3
Multiple
Allshouse et al., 2004
Shrimp
2005
247
1.6
Koonse et al., 2005
Seafood
2007
100
52
Shabarinath et al., 2007
Mollusk
2004-2005
17
17.6
Sp, Sm, F, W Simental and Martinez-Urtaza, 2008
Streamwater
2004-2006
216
10.6
Sp, Sm, F, W Simental and Martinez-Urtaza, 2008
Seafood
2009
131
23.2
Kumar et al., 2009
Catfish
2009
30
33
Sp, Sm, F, W
Pal and Marshall, 2009
Pal and Marshall, 2009
Basa Fillets
2009
30
50
Sp, Sm, F, W
Fish
2010
0
Da Silva et al., 2010
Live Catfish
2011
15
80
Budiati et al., 2011
Gills (Catfish)
2011
15
40
Budiati et al., 2011
Intestine (Catfish)
2011
15
20
Budiati et al., 2011
Water
2011
15
6.67
Budiati et al., 2011
Catfish Fillets
2009
252
9.9
Sm
This study
Catfish Fillets
2010
252
5.5
Sm
This study
Catfish Environment 2009-2010
240
2.08
Sm
This study

Sp= spring, Sm= summer, F= fall and W= winter
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Figure A.1

Salmonella ser. Mbandaka isolated from the intestine on antibiotic
susceptibility test

87

Figure A.2

Salmonella ser. Tennessee isolated from frozen catfish fillets on antibiotic
susceptibility test
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Figure A.3

Enterobacter spp. (blue), Escherichia coli (purple) and Proteus spp. (cream
with brown halo) colonies isolated on Chromagar OrientationTM
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